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CHAPTER  I 


INTRODUCTION 

Th«  BolttCTilar  refraotlTity  of  a aubatance  nay  be 
oaloiilated  by  auBBsation  of  exqplrioally  deterodned  atomic 
and  atruotural  refractions  ^ and  may  be  detemlned  ejq;>erl- 
mentally  from  density  and  refractive  Index  data  using  the 
familiar  Lorentz -Lorenz  equation*  The  positive  deviation 
of  the  obseirved  molecular  refract Ivlty  from  the  calculated 
value  la  called  an  exaltation*  which*  as  a rule*  Increases 
with  Increasing  significance  of  the  mesomerlc  effect  (4l* 
112).  It  Is  well  known  that  systems  having  conjugated 
multiple  bonds  and  systems  In  which  an  aryl  group  Is  con- 
jugated with  a multiple  bond  eidilblt  exaltations  of  re- 
fraction* Since  isoprene*  styrene*  and  many  other  readily 
polymerizable  substances  esdilblt  exaltations  of  refraction* 
It  was  decided  to  prepare  a series  of  allyl  aromatic  ethers 
and  study  the  effect  of  exaltation  on  the  rate  of  polymsrl- 
zatlon  of  these  ethers* 

The  main  objectives  In  this  Investigation  were  as  • 

follows : 

(1)  To  Investigate  the  possible  correlation  of 
the  exaltation  of  refraction  with  the  rate  of  polymeriza- 
tion In  homopolymerizations* 
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(2)  To  Invoatlgato  tho  possiblo  cox*rolation  of  tho 
exaltation  of  refraction  with  the  rate  of  polymerization 
in  eopolymerizationa. 

(3)  To  prepare  a aeries  of  allyl  aromatic  ethers 
and  to  determine  their  exaltations  of  refraction. 

(4)  To  correlate  the  exaltation  of  refraction  of 
these  allyl  aromatic  others  with  their  rates  of  polymeri- 
zation In  homopolymerizations  and  copolymerizations. 


CHAPTER  II 


IHVESTIOATION  OP  POSSIBLE  CORRELATION  OP  THE 
EXALTATION  OP  REFRACTION  WITH  THE  RATE  OP 
POLYMERIZATION  IN  BOMOPOLYMERIZATIONS 

Chitanl  (20)  asatuned  that  the  exaltation  of  re* 
fraction  was  related  to  the  rate  of  pol^erlzatlon  In 
vinyl  ocznpounda.  Nakatsuka  (63)  atten^ted  to  prove  the 
above  aastimptlon  by  using  -methylstyrene  and  p-methyl- 
styrene  as  models;  the  latter  has  the  higher  exaltation 
and  yields  a dimer,  while  the  former  does  not  polymerize 
under  similar  conditions.  The  only  other  literature 
bearing  on  this  work  was  a paper  by  Stempel  ^ al,  (106) 
who  z*eported  on  the  polymerization  characteristics  of 
several  dlsubstltuted  o( -methylstyrenes,  and  noted  the 
differences  existing  In  refractive  Indexes  between  these 
ds,  -methylstyrenes  and  similarly  substituted  styrenes. 

The  following  section  deals  first  with  the  selec- 
tion and  use  of  the  atomic  and  structiiral  refractions  In 
a few  exas^les  to  ill\zstrate  the  effect  of  structure  and 
conjugation  on  the  exaltation  of  refraction,  and  then  an 
Investigation  of  possible  correlation  of  the  exaltation 
of  refraction  with  the  rate  of  polymerization  In  homo- 
polymer Iz  at  Ions  Involving  substituted  styrenes. 
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A«  Selection  of  Atomic  and 
Structural  rtefracilona 

The  widely-accepted  atosolc,  group,  and  stznactural 
refraction  Talues  of  Elaenlohr  (26)  Hated  by  Welaaberger 
(126)  will  be  uaed  In  thla  work,  Cos^arlaon  with  the  more 
recent  values  of  Vogel  (Il8),  using  ethylbenzene  as  an 
exair?)le,  la  given  In  Table  1;  EMjj  la  the  exaltation  of  the 
molecular  refraction,  la  the  exaltation  of  the  specific 
refraction,  and  MRj)  la  the  molecular  refraction* 


TABLE  1 

EXALTATION  OP  ETHYLBENZENE 


MRd 

EMjj 

Calcd. 

Obad* 

35.?i;3^28) 

35.752^^^3) 

0.209 

0.197 

3S.659'^^®> 

35.749^^^^^ 

0.090 

0.085 

^ Styrene.  ^ -Me thvlatyi»ene. 

fa*openyl1bengene,  and  lllylbensene 

The  Introduction  of  a methyl  group  In  the  o(-poaltlon 
of  styrene  destroys  the  coplanarlty  and  Inhibits  resonance 
as  evidenced  by  the  lowering  of  the  molecular  exaltation 
(112),  as  shown  in  Table  2,  and  by  Its  influence  on  the 
ultraviolet  absorption  spectrum  of  styrene  (U3);  the  in- 
troduction of  a methyl  group  In  the  p -position  of  styrene 
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bus  little  influence  on  the  ultraviolet  absorption  apeetrom 


of  st7z>ene.  The  lower  exaltation  of  the  ois-isonwr  of 
propenylbenzene  is  due  to  steric  inhibition  of  resonance^ 
while  the  lack  of  exaltation  in  allylbenzene  is  due  to 
nonoconjugation  of  the  allyl  double  bond  with  the  ring* 


TABI£  2 

EXALTATIONS  OP  STXHEHB,  -METHXLSTXREHB, 
PROPENYLBENZENE,  AND  ALLYLBENZENE 


Con^und 

mRd 

Calc. 

Obsd. 

EMj) 

- 

Styrene 

(CeH.C»«CH«) 

35.076 

36.470^^7) 

1.394 

1.340 

o(  -Methylstyrene 
(C.HbC-OH,) 

39*694 

40.61*2^^'^^ 

0.946 

0*602 

CH» 

Propenylbenzene 

(CeH»CB»*CHCH,) 

39*694 

41,129^^3^ 

41.310^^^ 

1.435 

1*616 

1*214 

1.368 

cis 

40*716^7^^ 

1*022 

0*865 

trans 

1*880 

1.591 

AUylbenzene 

(CgHgCHgC^Ha) 

39*694 

39*691^^^^ 

~0*003 

-0.003 

Since  both  .methTlatyrene  and  trans »prot>envl<» 
benzene  polynerlze  leas  readily  than  stTPene,  it  Is  not 
possible,  from  these  data,  to  correlate  the  exaltation 
with  polymerization  ability. 
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C,  Exaltations  of  Mbth3>lstypenea 

The  absolute  rates  of  pol^erlzation  of  m-iaothyl- 
st^rene  and  jg-iaethylstTrene  are  greater  than  that  of 
styreue  (53)*  ^ta  In  Table  3 show  that  correlation  of 
exaltations  with  polymerization  rates  appears  to  be 
rather  satisfactory  in  the  case  of  molecular  exaltations, 
but  less  satisfactory  when  specific  exaltations  are  used. 


TABLE  3 

EXALTATI017S  OF  HETHHETIRENES 


Compound 

MRj3 

Calcd, 

Obsd. 

ES  jj 

Styrene 

35*076 

36.470^27)  ^ 1.391^ 

1.340 

m-Methylstyrene 

39.694 

41.321^^^*®^^  1,627 

1.377 

2-M6th^atyrene 

39.694 

41.128^24.27) 

“ 1.213 

D.  Exaltations  sf 


Honochlorostyrenes  thermally  polymerize  at  a rate 
approximately  eight  times  as  fast  as  styrene,  and  approxi- 
mately three  times  as  fast  as  styrene  when  benzoyl  peroxide 
is  used  as  the  initiator;  the  following  order  of  rates  was 
established  for  the  indlTldual  monoohloz*ostyrenes  (60,  115), 

2*  > 2 £ - > C.H,CB«CHa 
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On  the  basis  of  data  shown  In  Table  I].,  there  again 
appears  to  be  no  correlation  of  exaltations  with  polyneri- 
zation  rates* 

TABI£  4 

= EXALTATIONS  OP  MONOCHLOROSTXRENES 


CoB^oimd 

■^r .!  r i : ' " ,■  'i  ,= 

Calcd.  Obsd. 

EKq 

E2  _ 

D 

Styrene 

35.076  36.470^^*^^ 

• 1.39lt. 

.1.31(0 

o-Chlorostyrene  39.943  40*989^^*^^^ 

.1.046 

0.7SS 

m-Chlorostyrene  39.943  4l.090^^*^^|Jj*^^» 

1.147 

0.828 

2-Chlorostyrene  39.943 

1.714 

1.237 

E,  Exaltations  of  Dichlorostyrenes 

Diohlorostyrenes  polymerize  much  faster  than 
styrene,  (78),  and  thermally  polymerize  faster  than  the 
monochlorostyrenes,  with  2,5-dichlorostyrene  faster  than 
2,4-diohlorostyrene,  which  in  ttu?n  was  faster  than  3,4- 
dichlorostyrene  (61);  there  appeared  to  be  no  correlation 
of  activation  energies  and  rates  of  polymerization. 

On  the  basis  of  data  shown  in  Tables  4 5, 

there  appears  to  be  no  correlation  of  exaltations  with 
polymerisation  rates. 


TABLE  5 

EXALTATIONS  OP  DICHLOROST3niENES 
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Con^und 

MRu 

EMd 

ESj, 

Calcd. 

Obsd. 

Styrene 

35.076 

36. 470 <27) 

1.391; 

1.3hD 

2,3-Dlchloro- 

styrene 

44*810 

0*352 

0.203 

2,i).-0iehloro<- 

styrene 

44#810 

1.511; 

0.875 

2 f Oiohloro— 
styrene 

44*810 

46.138<^*^^»^2, 

1*328 

0.767 

2,6-Oiehloro- 

styrene 

44*810 

45*258<^7,68,78) 

0.448 

0.259 

3,l{.-Diehloro- 

styrene 

44*810 

78.124) 

l.U61» 

0.846 

3*5-Dichloro- 

styrene 

44*810 

46.647<^7,68,78) 

1*837 

1.062 

F.  _,Exaltation«  of  p»EthTl»tTOn>  and 
p«tert»But^tTOoiio  “ 

The  poljmerleation  of  styrene,  £-xne thylst yrene, 
£^thylst yrene,  and  £»tert-butylatyrene  using  2,2*-azobls- 
Isobutyronltrlle  as  initiator  (U9)  showed  the  initial  rate 
of  polymerization  (R^)  to  be  noticeably  increased  in  the 
ease  of  ^-methylstyrene  by  the  addition  of  R,  K-dlnethyl- 

aniline  (WfA);  this  was  ascribed  to  the  hyperconjugation 
effect. 
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Data  in  Table  6 ahov  no  ooz>z^latlon  of  oxaltatlona 
with  polymerization  ratea. 


TABLE  6 

EXALTATIONS  OP  ^-ETHXLSTXREHE 
AND  £-tert-BUTYLSTYREHE 




CoDQ)0\ind 

MRd 

. So 

EKA 

EMjj 

E2jj 

Caled, 

Obad. 

Styrene 

35.076 

36.470^^^^ 

0.51 

0.51 

1.391^ 

1.3ltJ0 

£->Hethyl* 

atyrene 

39.69U 

(27) 

41.128(24)  0.49 

0.58 

I.U3U 

1.213 

£-Bthyl~ 

atyrene 

kk.312 

46.312^^^^ 

0.44 

0.1i7 

2,000 

1.S13 

«« 

£-tert-Butyl- 

aiyrene 

53.51jB 

54.239?^^^ 

0.41 

0.43 

0,691 

0.432 

CHAPTER  III 


INVESTIGATIOH  OP  POSSIBLE  CORRELATION  OP  THE 
EXALTATION  OP  REFRACTION  WITH  THE  RATE  OP 
POLIMERIZATION  IN  FREE  RADICAL 
COPOL'SMERIZATIONS 

At  this  point  It  vss  apparent  that  thez>e  %ras  little, 
if  any,  correlation  of  the  exaltation  of  refraction  with 
the  rate  of  polymerization  in  homopolymerizationa,  !Die 
next  step  was  to  inrestigate  the  possible  .correlation  in 
copolymer Iz at ions,  * 

Since  data  on  free  radical  dopolymerizations  were 
amch  more  extensive  than  those  on  ionic  copolymerizations 
(75)«  it  was  decided  to  examine  first  those  free  radical 
copolymerizations  Involving  similar  and  dissimilar  co- 
monoaoers. 

The  following  section  deals  with  the  eopolymerl«> 
zation  of  styrene,  msthyl  methacrylate,  and  zoaleic  anhy<> 
dride  with  substituted  styrenes,  and  the  correlation  of 
the  relative  reactivity  of  the  substituted  styrenes  toward 
the  styrene,  methyl  methacrylate,  and  maleic  anhydride 
radicals  with  both  Hammett*s  sigma  value  (1|.0,  77,  102,  IO3) 
for  the  substltiient  on  the  substituted  comonomer,  and  the 
differences  existing  In  either  the  exaltations  of  the  co- 
monomers or  the  exaltations  of  the  substituted 
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' 11 
uxiBUbstltutad  styrenes* 

A*  CopolTOerlzatlon  of  St^yrene  vitk 
Substituted  Styrenes  ^ 

Walling  at  al.  (121,  122)  have  determined  the  rela- 
tive reactivity  toward  the  styrene  type  radical  for  a mao- 
ber  of  substituted  styrenes,  and  have  demonstrated  a cor- 
relation between  these  relative  reactivities  and  the  Ham- 
mett sigma  value  of  the  styrene  substituents.  Insofar  as 
data  were  available  for  the  calculation  of  exaltations.  It 
has  been  possible,  with  one  exception,  to  show  rather  good 
correlation  of  the  differences  existing  between  the  speci- 
fic exaltation  of  styrene  and  the  substituted  styrenes 
(AES  jj)  with  the  logarithm  of  the  relative  reactivity 
(-log  ri)  toward  the  styrene  radical  for  these  substi- 
tuted styrenes. 

Table  7 summarizes  these  data,  while  Figure  1 Is  a 
plot  of  the  logarithms  of  the  relative  x*eaotlvltles  of 
those  substituted  styrenes  versus  AE2V)  and  o;  Hammett’s 
substituent  value. 

I2 — Copplymrlzatlon  of  Methyl  Methacrylate 
witn  substituted  IStvrenea ■"  ' 

Walling  ^ al.  (121,  122)  have  determined  the  x*ela- 
tlve  reactivity  toward  the  methyl  methacrylate  radical  for 
a number  of  substituted  styrenes,  and  plotted  the  logarithms 


RELATIVE  REACTIVITIES  AHD  EXALTATIONS  FOR  THE  COPOLYMERIZATION  OF 
STYRENE  (Ml)  WITH  SUBSTITUTED  STYRENES  (M,) 
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0.4  0,0  0,4  0.8  1,2 


-0.4  .0,0  0.4  . . 0.8  1.2 

Pig,  1,— Plot  of  the  logarithms  of  relative 
reactivities  of  substituted  styrenes  with  the  styrene 
radical  versus  the  differences  existing  between  the 
specific  exaltations  of  styrene  and  the  substituted 
styrenes,  and  Hammett's  sigma  value  for  the  sub- 
stituent. 


of  those  relative  reactivities  against  the  Eanmett  sigma 
value  for  the  styrene  substituents;  the  fit  to  a straight 
line  was  reasonably  good,  with  the  exception  of  ^-aethoxy-^ 
£-dimethylaffiino-,  and  j»-aiethylstyreneo.  Table  8 shows 
Walling’s  values  for  the  relative  reactivities  of  styrene 
and  several  substituted  styrenes  toward  the  methyl  meth- 
acrylate radical,  the  molectCLar  exaltations  for  these 
styrenes,  and  which  represents  the  molecular 

exaltations  of  the  substituted  styrenes  less  the  molec- 
ular exaltation  for  styrene. 

The  correlation  of  relative  reactivities  with  the 
differences  existing  between  the  molecular  exaltation  of 
methyl  methacrylate  (19,  35#  70,  7h,  120)  and  the  molecu- 
lar exaltations  of  the  styrenes  ( ^ ) vas  also  quite 

good;  less  than  satisfactory,  however,  were  the  corre- 
lations of  relative  reactivities  with  the  differences 
existing  between  the  specific  exaltation  of  substituted 
styrenes  and  styrene  and  with  the  differences 

existing  between  the  specific  exaltations  of  the  styrenes 
and  methyl  methacrylate* 

Plguj^e  2 is  a plot  of  the  logarithms  of  the 
i?elative  reactivities  of  these  substituted  styrenes 
JLrxs  t 
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TABLE  6 

RELATIVE  REACTIVITIES  AMD  EXALTATIOMS  FOR  THE 
COPOLYMERIZATION  OP  METHYL  METHACRYLATE 
WITH  SCBSTITUTBD  STYRENES 


Substit- 

uent 

-log  Vx 

EMj3 

E2d 

^EMp 

z^E%^ 

£-NMea 

0.699 

3.993(37,86) 

2.712 

2.599 

3.791 

£-OMe 

0.538 

(36,59,72) 

(81,86.93) 

(99,108) 

,(124) 

2.298 

1.713 

0.904 

2.096 

£-Bt 

0.398 

(27,71,86) 

1.43^(99,122) 

0.893 

0.240 

1.432 

£-Me 

0.398 

1.213 

0.040 

1.232 

None 

0.337 

1.391^(27) 

1.340 

0.000 

1.192 

£-Cl 

0.377 

1.  7ii|.(^»27,70) 

1.237 

0.320 

1.512 

m-Cl 

0.328 

(12,29,70) 

1.H^7(u4.124) 

0.828 

-0.247 

0.945 

m-Bp 

0.319 

0.963<««“‘*> 

0.526 

-0.431 

0.761 

o-Cl 

0.301 

1.0U6^^»^^^ 

0.755 

-0.348 

0.644 

m-Me 

0.276 

1.627(^^*®^^ 

1.377 

-0.233 

1.425 

Log  Relative  Reactivity 
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Pig.  2.— Plot  of  the  logarithms  of  relative 
reactivities  of  styrene  and  several  substituted 
styrenes  toward  the  methyl  methacrylate  radical 
versus  the  differences  existing  between  the  molecu- 
lar exaltations  of  the  substituted  styrenes  and 
the  molecular  exaltation  of  styrene. 


ik 
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C«  Copolyiaerigation  of  Maleic  Anhydride 
with  Substituted  -Methylstyrenes 

Walling  et  (123)  haye  detomlned  the  relative 
reactivity  toward  the  xnaleio  anhydride  type  radical  for 
o(  -methylstya^ene  and  a number  of  substituted  o(-inethyl- 
styrenes,  and  found  that  the  relative  reactivities  showed 
little  TOlation  to  the  Hammett  sigma  values  of  the  sub- 
stituents* The  o(-methyl8tyrone8  studied  by  Walling  are 
reported  to  be  liquids  with  the  exception  of  N,N-dlmethyl- 
£-lsopropenylanlllne  {9b),  and  £-lsopropenylanlsolo  (10) 
which  is  reported  to  be  both  a solid  (9,  98)  and  a liquid 
(Ul^),  with  the  Implication  (l^ij.)  that  the  liquid  is  the 
monomer  and  the  solid  is  the  dimer* 

Table  9 shows  Walling *s  values  for  the  relative 
reactivities  of  o(-mothylatyrene  and  substituted  o(-methyl- 
styrenes  toward  the  maleic  anhydride  radical,  the  exalta- 
tions for  the  ^(-methylstyrenes,  and  the  differences 
existing  between  the  molecular  exaltations  (iilEl^)  and  the 
specific  exaltations  (/^ESjj)  of  the  substituted  o( -methyl- 
styrenes and  ©(-methylstyrene.  Figure  3 is  a plot  of  the 
logarithms  of  the  relative  reactivities  of  these  ex' -methyl- 
styrenes against  z:\E23j)*  Walllng»s  relative  reactivities 
also  show  little  relation  to  the  differences  existing  between 
the  specific  and  moleciilar  exaltations  of  o(-methyl8tyrene 
and  the  substituted  ©(-methylstyrenes. 
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TABLE  9 


RELATIVE  REACTIVITIES  AND  EXALTATIONS  FOR  THE 
COPOLYMERIZATION  OP  MALEIC  ANHYDRIDE  WITH 
SUBSTITUTED  -METHYLSTYRENES 


Subitit- 

\2«nt 

-log  Vx 

ES  jj 

^EM]^ 

£-Me 

0.236 

(2t7.38) 

0.961 

0.321 

0.159 

Nona 

0.000 

(6,7) 

0. 914.9^^7*^^ 

0.803 

0.000 

0.000 

m-Bp 

-0.018 

0.770^^^ 

0.391 

-0.179  -0.l4l2 

£.CN 

-0.018 

2.713^^*^^®^ 

1.895 

I.76I4. 

1.092 

£-Cl 

-0.102 

0.958^*^*^^ 

0.628 

0.009  -0.175 

£-BP 

-0.137 

0.918^^®*^^ 

O.I4-66 

-0,031  -0,337 

£-P 

-0,114.3 

0.851(98,118) 

0.625 

-0.098  -0,178 

Log  Relative  Reactivity 
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Pig,  3,— Plot  of  the  logarithms  of  relative 
reactivities  of  o( -methylstyrene  and  several  sub- 
stituted oc -methylstyrenes  toward  the  maleic  anhy- 
dride radical  versus  the  differences  existing  between 
the  specific  exaltations  of  the  substituted  o( -methyl- 
styrenes and  the  specific  exaltation  of  <3(.-methyl- 
styrene. 


CHAPTER  IV 


mVESTIOATION  OP  POSSIBLE  CORRELATION  OP 
THE  EXALTATION  OP  REPRACTION  WITH  THE 
RATE  OP  POLYMERIZATION  IN  IONIC 
COPOLYMERIZATIONS 

At  thla  point  it  was  apparent  that  there  vas  a 
definite  correlation  of  exaltation  of  refraction  with  the 
rate  of  polToeriaation  in  free  radical  polTmerizationa  in- 
Tolving  similar  comonomers,  and  the  free  radical  copolTmeri- 
zations  utilizing  maleic  anhydride  were  to  bo  avoided. 

The  following  section  deals  with  the  ionic  co- 
polyaerization  of  styrene  with  substituted  styrenes,  and 
the  correlation  of  the  relative  j?eactivity  of  the  substi- 
tuted styrenes  toward  the  styrene  x«dical  with  the  dif- 
ferences existing  in  the  exaltations  of  the  comoncaners. 

A,  Copolymerization  of  Styrene  with 
Substituted  Styrenes 

Overberger  et  la.  (86)  have  determined  the  relative 
reactivity  toward  the  styrene  carbonixzm  ion  for  several 
substituted  styrenes,  and  showed  a definite  correlation 
between  these  relative  reactivities  and  the  Hammett  slgoa 
values  of  the  styrene  substituents.  Table  10  shows  Over- 
berger»s  values  for  the  relative  reactivities  of  substi- 
tuted styrenes  toward  the  styrene  oarbonium  ion,  the 
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exaltation*  of  the  subetltuted  st:7Penes,  and  the  difference* 
exi*ting  between  the  molecular  exaltation*  and  the 

specific  exaltation*  of  the  subatituted  styrene* 

and  styrene.  Although  index  of  refraction  data  are  avail- 
able for  m-nitrostyrene  (69,  86,  111;,  128),  no  density 
data  could  be  found;  for  this  reason,  m-nitrostyrene  was 
not  included  in  Table  10. 

Figure  U is  a plot  of  the  logarithms  of  the  rela- 
tive reactivities  of  these  substituted  styrenes  against 
an  equally  good  curve  was  obtained  when  -log  ri 
was  plotted  against  Ct  E'SJjj, 

TABLE  10 


RELATIVE  REACTIVITIES  AND  EXALTATIONS  FOR  THE  CATION- 
CATALV2ED  COPOL'IMSRIZATION  OF  STYRENE 
WITH  SUBSTITUTED  STYRENES 


Sub*tit< 

uent 

-log  ri 

EMd 

E2d 

Z^EMj) 

£-0Me 

2.0 

2.298|^|j^9^ 

1.713 

0.904 

0.373 

m— OMe 

0.0l|5 

l*793{^6jfo^) 

1.336 

0.399 

-0. 004 

£-Cl 

-0.39 

(12,27) 

1.714^70) 

1.237 

0.320 

-0.103 

None 

1.39U^27) 

1.340 

0.000 

0.000 

m-Cl 

-0.52 

(12.29,70) 

0.828 

0.2U7 

-0.512 
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Pig*  of  the  logarithms  of 

relative  reactivities  of  styrene  and  several 
substituted  styrenes  toward  the  styrene  car- 
bonlum  Ion  versus  the  differences  existing 
between  the  molecular  exaltations  of  the 
substituted  styrenes  and  styrene. 
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B,  CopolyaerlEatlon  of  p~Chloro«tyre3aa 
with  Substituted  Styrerma 

Ovarberger  at  ml,  (86)  hava  daterminad  tha  relativa 
x*aactlvit7  toward  tha  £-chloro8t7rana  carbonim  ion  tor 
several  aubatitutad  atyrenaaj^  and  noted  a daflnita  corre- 
lation between  thaae  relative  reaotivltlea  and  tha  Hazamatt 
aigma  valuea  of  tha  atyrana  aubatituents)  other  data  on 
ionic  polymerizationa  may  be  foimd  in  a review  by  Pepper 
(88)*  Table  11  ahowa  Ovarbergar'a  valuea  for  the  relative 
reactivltlea  of  atyrana  and  aubatltuted  atyrenea  toward  tha 
£-ohloroatyrena  oarbonium  ion,  the  exaltationa  of  the 
atyrenea,  and  the  dlfferencea  exiating  between  the  molecu- 
lar exaltationa  ( ABMq)  and  the  apeclflc  exaltationa 
((^ESjj)  ot  the  aubatltuted  atyrenea  and  £-ohloroatyrene* 
Figure  5 is  e plot  of  the  logarithms  of  tha 
relative  reaotivltlea  of  these  substituted  atyrenea 
against  A E%q;  no  correlation  existed  when  -log  rx  was 
plotted  against  A EMj)* 
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TABLE  11 

RELATIVE  REACTIVITIES  AND  EXALTATIONS  FOR  THE  CATION- 
CATALYZED  COPOLYMERIZATION  OP  p-CHLOROSTYREHES 
WITH  SUBSTITUTED  STlfolNES 


STibstlt- 

uent 

-log  Tx 

EMj3 

e^d 

iCsEMjj 

£-MB 

0*658 

1.213 

-0.280  0.02l|. 

£-H 

O.I|J*7 

1.394^^^^ 

1.3U0 

-0.320  -0.103 

r 

m-OMa 

0*1|20 

(36,59) 
1* 793(66,108) 

1.336 

0.079  -0.099 

2-Bt 

0.0 

(27,71,86) 

0.893 

-0,080  -O.3I4I1. 

£-Cl 

1.237 

0.000 

0.000 
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5«— Plot  or  the  logarithms  of 
relative  reactivities  of  styrene  and  several 
substituted  styrenes  toward  the  p-chloro- 
styrene  carbonlum  ion  versus  the  differences 
existing  between  the  specific  exaltations 
of  the  substituted  styMnes  and  p-chloro- 
styrene. 


CHAPTER  V 


PREPARATION  OP  ALLYL  ARCMATIC  ETHERS 

Since  data  in  the  previous  sections  showed  It 
possible  to  correlate  both  KaiBmett*s  sigma  values  and 
the  toolecular  and  specific  exaltations  with  relative 
reactivities  In  free  radical  and  Ionic  oopolymerlzatlons 
Involving  rather  similar  comonomers.  It  was  now  necessary 
to  prepare  a number  of  allyl  aromatic  ethers  In  order  to 
detenalne  their  specific  and  molecular  exaltations,  and  to 
attempt  to  correlate  these  exaltations  with  Hammett's  sigma 
values  for  the  ring  substituents.  With  the  exception  of 
allyl  phenyl  ether,  phenyl  propyl  ether,  allyl  3,U-X7lyl 
ether,  and  all^l  o*ohlorophenyl  ether,  data  were  not 
available  for  the  calculation  of  the  exaltations  of  the 
other  fourteen  ethers  described  in  this  section;  allyl 
m«>chlor>ophenyl  ether  and  allyl  j^bromophenyl  ether  were 
not  described  In  the  literature. 

Of  the  several  other  compounds  which  could  have 
conceivably  been  Included  In  this  aeries,  allyl  ra-nitro- 
phenyl  ether  Is  a solid  (m.p.  31.5-32.0®  (129)),  p-(allyloxy)- 
anlllne  la  quite  unstable  (22,  39,  105),  and  p-(allyloxy)- 
benzonltrlle  Is  a solid  (m.p,  43®  (8?)). 
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A,  Komenclatiire 

All  noanenclature  In  this  work  will  follow  that 
used  by  Chemical  Abstracts. 

B,  Materials 

Allyl  phenyl  ether,  phenol  propyl  ether, 
phenol,  m->methox7phenol,  and  m<>bromophenol  were  Eastman 
Orade,  purchased  from  the  Eastman  Kodak  C(»Q)any;  o-ohloro- 
phenol,  p-ohlorophenol,  p-methoxyphenol,  p-oreaol,  m-cresol, 
p-bromophenol,  and  3#^“*yl®Jiol  were  Best  Grade,  purchased 
from  Matheson  Coleman  and  Bell;  o-oresol,  and  ^-nltrophenol 
were  Practical  Grade,  purchased  from  Matheson  Coleman  and 
Bell;  £-tert-butylphenol  and  p-hydroxyaoetophenone  were 
provided  by  the  Dow  Chemical  Cca&pany;  2,4-dlchlorophenol 
was  pixrchased  from  Brothers  Chemical  Con?)anyi  p-Jallyloxy)- 
benzaldehyde  was  furnished  by  Dr.  G.  B.  Butler,  Department 
of  Chemlst3?y,  Itaiverslty  of  Florida;  allyl  bromide  was 
purchased  from  the  Shell  Chemical  Corporation, 

C,  Physical  Measurements 

The  ethers  were  prepared  under  anhydrous  conditions 
accox*dlng  to  Clalsen  and  Eisleb  (21),  or  In  aqueous  sodium 
hydroxide  according  to  Tarbell  and  Wilson  (110).  Although 
the  yields  of  crude  pz»oduot8  were  nearly  quantitative  In 
most  oases,  a reasonably  narrow  cut  of  carefully  fractionated 
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product  was  taken  for  tbs  physloal  measurements , which 
were  made  on  the  freshly  fractionated  oooqpounds*  Px>essui>e8 
below  10  BID*  were  read  on  a McLeod  gauge,  and  other  pres- 
su]*e8  were  read  on  a Zimmerli  gauge;  tes^eratures  are  ^G«, 
and  are  uncorrected. 

The  refractive  indexes  were  measured  by  means  of  a 
Bausch  and  Lomb  precision  refraotometer  in  which  thenno- 
stated  water  was  circulated  through  the  prism  blocks*  The 
temperature  of  the  prisms  was  maintained  constant  within 
t 0*02^.  A sodium  vapor  lamp  was  used  as  the  light  souiee* 

Densities  were  determined  on  approximately  10  ml* 
samples,  and  all  weighings  were  made  on  an  analytical 
balance  sensitive  to  0*1  mg* 

D*  Pi»epnrations 

1*  Allyl  phenyl  ether  (CeH,0C^CI>*CI^) 

Carefully  fractionated  allyl  phenyl  ether  exhibited 
the  following  constants:  m*p,  -1^.7* 0®;  b*p*  61*0®  at  6*5  mm. 

(reported*  73®  at  11  mm.  (22),  8o-.81i.®  at  I3  mm.  (32),  93- 
91^®  at  26  ram.  (95),  112-113®  at  3k  wm.  (47));  nj*  1*51935 
(reported:  nj®  1*52232  (117),  nj®  1,5218  (32),  nj^  1*5208 

(47));  d4*  0*97580  (reported*  d^"  O.9832  (95),  dj#  0*9845 

(22),  dl*’*  0.9762  (117)),  MRu  41,749,  calcd.  41,337; 

EMp  0*412;  0*308* 
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2*  Phonyl  propyl  ether  (C^HeOCHgCHaCHs) 

Carefully  fractionated  phenyl  propyl  ether  exhi- 
bited the  follovring  constants  s b*p»  l89^  &t  762  mm* 
(reported!  18?®  at  751  ®m*  (117)*  189*9®  at  760  mm* 

(27))  I ng*  1.1;9863  (reported*  nj®  1*50106  (2?),  ng* 

1.51031^  (117),  ng*  1.1^9881  (27)  )l  dj*  0.943)42  (reported* 
dl*  0.94743  (27).  d**  0.9494  (117),  dj*  0.9l|295  (27)). 

MRjj  42.367,  oalcd.  4l#804;  EMd  0.563;  j)  0*4l4- 

3*  Allyl  £-chlorophen7l  ether  (£-ClC,H40CH«CH*CH«) 

Allyl  bromide  (66.6  g.,  0.55  mole)/ 64*3  g.  (0*50 
mole)  of  £-ohlorophenol*  76*0  g.  (0*55  mole)  anhydroxas 
potassium  carbonate  In  37.8  g*  acetone  were  refluxed  for 
11*0  hotirs*  After  water  was  added  ^ the  oil  layer  which 
formed  was  separated  from  the  water  layer,  and  the  latter 
layer  was  extracted  with  two  100-ml,  portions  of  ether; 
the  oil  and  ether  extracts  vere  combined,  washed  with 
5^  aqueous  sodium  hydroxide,  then  water,  and  dried  oyer 
anhydzrous  potassium  carbonate*  On  fractionation  of  the 
crude  p^uct  (80,7  g.,  95.85?),  allyl  £-chlorophenyl  ether 
61.8  g. , 73.4^  obtained  as  a clear,  water-idiite  oil, 
b.p*  ^-91®  at  6.0  no*  (reported*  IO6-IO7®  at  12  mo,  (21)); 
ng®  1*53468,  d^*  1.12328  (reported*  d^*  1.131  (21)); 

MRd  46.718,  ealod.  46*204;  EMq  0*5l4;  E^d  O.305, 
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4*  Allyl  m-chlorophenyl  ether  (m-ClCeH40CH,CHsCH8) 

Allyl  bromide  (75.8  g.,  0.625  Biole),  64.3  g.  (0.5 
mole)  m-c)^orophenol.  22.5  g.  (0.56  mole)  sodium  hydroxide 
In  125  ®1.  water  and  2$0  ml.  acetone  were  refluxed  for  one 
hour.  After  water  was  added  and  the  mixtU3?e  extracted  with 

ether,  the  ether  extracts  were  washed  with  5/^  aqueous  sodium 

/ 

hydroxide,  then  water,  and  dried  over  anhydrous  potassium 
carbonate.  On  fractionation  of  the  crude  product  (84.5  g## 
100^).  allyl  m-chlorophenyl  ether  (58.2  g..  69. IJ?)  was 
obtained  as  a clear,  water-white  oil.  b.p.  87.0-87.5®  at 
6.0  mm.,  nj*  1.53384,  d”  1.121951  MRu  46.710,  calcd. 

46.204;  EMjj  0.506}  O.3OO. 

5.  Allyl  o-chlorophenyl  ether  ( o-ClC«H40CHaCBsCH, ) 

Allyl  bromide  (75#8  g.,  0.625  mole),  64.3  g. 

(0.5  mole)  m-chlorophenol,  22.5  g.  (0.56  mole)  sodium 
hydroxide  In  125  ml.  water  and  250  ml.  acetone  were  re- 
fluxed for  one  hour.  After  water  was  added  and  the 
mixture  extracted  with  ether,  the  ether  extracts  were 
washed  with  5^  aqueous  sodium  hydroxide,  then  water,  and 
dried  over  anhydrous  potassium  carbonate.  On  fractiona- 
tion of  the  crude  product  (8I.8  g.,  97. Of),  allyl  o-chloro- 
phenyl  ether  (52.6  g.,  62,$f)  was  obtained  as  a clear. 


water-white  oil  (yellowed  on  standing),  b.p,  92. 5-93,0®  at 
6.5  aan.  (reported i 108-110®  at  12  mm.  (16),  108-110®  at 
15  ran.  (110),  118-120®  at  25  am.  p4));  nj®  1. 537101-  (re- 
ported* n5®  1.5388  (110));  dj*  1.12322  (reported:  d^* 

^*^33  (3U)»  dae  1.132  (110));  MRjj  46.918,  ealed.  46.204; 

EMjj  0.714*  jj  0.423. 

6.  Allyl  £-tolyl  ether  (£-CHaC«H40CHjjCH«CHa ) 

Allyl  bromide  (113.5  g.,  0.94  aiole),  8I.0  g.  (0.75 
laole)  jgt-creaol,  33»8  g.  (0.84  aiole)  sodium  hydroxide  In 
190  ml.  water  and  375  aa.  acetone  wero  refluxed  for  one 
hour.  Acetone  (325  ml.)  was  removed  at  atmospheric  pressure 
to  a maximum  vapor  temperatiire  of  68®.  After  water  was 
added,  the  oil  layer  tdileh  formed  was  separated  from  the 
water  layer,  and  the  latter  layer  was  extracted  with  ether; 
the  oil  and  ether  extracts  were  combined,  washed  with  5j^ 
aqueous  sodium  hydroxide,  then  water,  and  dried  over  an- 
hydrous potassium  carbonate.  On  fractionation  of  the  crude 
product  (103,0  g,,  92.8^),  allyl  £-tolyl  ether  (82,7  g., 
74.5?^)  was  obtained  as  a clear,  water-white  oil,  b.p.  72- 
73®  at  4.8  mm.  (reported*  65  i 1»  at  4 mm.  (58),  91®  at 
12  mm.  (21),  91-92®  at  12  mm.  (23),  97-98®  at  16  mm.  (48), 
212.5-216.5®  at  760  amu  (89));  n«"  I.51523,  dj®  0.96I33 
(reported*  dj®  0.967  (21),  dJS  0.9662  (89),  dj®  O.9494 
(58));  MRj)  46.508,  calod.  45.955}  Effe  0.553}  E2jj  0.374. 
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7*  AUyl  m-tolyl  etb»r  (moCH9CeH40CHsCBBCHs } 

n 

Allyl  brottldo  (113.5  0.94  »ole),  8l,0  g.  (0.75 

mole)  m^creaolf  33*6  g.  (0.64  stole)  sodltan  hydroxide  In 
190  ml.  water  and  375  ml*  acetone  vei'e  refluxed  for  one 
hour.  Acetone  (330  ml.)  was  removed  at  atmospheric  pressure 
to  a maximum  vapor  tenperattire  of  71®,  After  water  was 
added,  the  oil  layer  vdiloh  formed  was  separated  from  the 
water  layer,  and  the  latter  layer  was  extracted  with  ether; 
the  oil  and  ether  extracts  wew  combined,  washed  with 
aqueous  sodium  hydroxide,  then  water,  and  dried  over  an- 
hydrous potasslxntt  carbonate.  On  fractionation  of  the  crude 
product  (98.8  g.,  89.0«f),  allyl  m-tolyl  ether  (73.9  g., 
65*6^)  was  obtained  as  a clear,  watez»-vhlte  oil,  b.p.  80- 
81®  at  7,0  mm.  (reported*  92-94®  at  12  mm.  (21));  nj® 
1*51607,  dj*  0,96188  (reported*  dj*  0,965  (21));  MRj) 

46,544,  caicd.  45.955;  eMj)  0,589;  0,398. 

8,  Allyl  o-tolyl  ether  (o-CHaCeH^OCHaCI^CE, ) 

Allyl  bromide  (113.5  g.#  0,94  mole),  8I.0  g, 

(0,75  mole)  o-cresol,  33.6  g,  (0.84  mole)  sodium  hydroxide 
In  1%  ml.  water  and  375  ml.  acetone  wore  refluxed  for  one 
hour.  Acetone  (325  ml. ) was  removed  at  atmospheric  pressure 
to  a maximum  vapor  teii5)erattire  of  70®.  After  water  was 
added,  the  oil  layer  which  formed  was  separated  from  the 
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water  laTor,  and  the  latter  layer  was  exti*acted  with  ether; 


the  oil  and  ether  extract  a were  combined » waahed  with  5^ 
aqueous  8odi\m  hydroxide^  then  water,  and  dried  oxer  an<* 
hydrous  potassium  carbonate*  On  fractionation  of  the  crude 
product  (97*7  g.#  88*  allyl  o-tolyl  ether  (73.3  g., 
66.1^)  was  obtained  as  a clear,  water-white  oil,  b.p.  7^.0- 
75*5®  7.0  mm.  (reported:  85®  at  12  urn.  (21),  lOU®  at 

26  mm.  (95))i  nS*  1*51672  (reported:  n^®**  I.5I876  ($)), 

d”  0.96476  (reported:  di®  0.969  (21),  dj®  0.9698  (95), 

di®’*  0.9687  (5));  mRd  46.456,  caiod.  45.955i  smd  0.501; 
E2?jj  0*333. 

9.  Allyl  £-bromophenyl  ether  (£-BrCeH40CH8C»sCBi| ) 

Allyl  bromide  (75*8  g.,  0.625  mole),  86.5  g* 

(0.5  mole)  £-bromophenol,  22.5  g.  (0.56  mole)  sodlwa 
hydroxide  in  125  ml.  water  and  250  ml.  acetone  were  re- 
fluxed for  one  hour.  Acetone  (225  ml.)  was  removed  at 
atmospheric  pressure  to  a maximum  vapor  tea^eratin*e  of 

74® • After  water  was  added,  the  oil  layer  which  formed 

* ^ 

was  separated  from  the  water  layer,  and  the  latter  layer 
was  extracted  irlth  ether;  the  oil  and  ether  extracts  were 
combined,  washed  with  aqueous  sodium  hydroxide,  then 
water,  and  dried  over  anhydrous  potassium  carbonate.  On 
fractionation  of  the  crude  product  (IO3.O  g.,  96. 6j^), 
allyl  £-bromophonyl  other  (84.9  g.,  79.6jT)  was  obtained 
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as  a clear » water-white  oil,  b.p,  98,5-99*0®  at  4.7  xnm. 
(reported:  126®  at  14  raa.  (21)),  nj*  1.55793,  d”  1.38499; 

MRd  49.596,  caled.  49.102;  EMp  0.494i  ES  d 0.232. 

10.  Allyl  m-br<aBophenyl  ether  (m-BrCgH40CH»CS«*CJ^ ) 

Allyl  bromide  (46.0  g.,  0.38  mole),  52.0  g.  (0.30 
mole)  m-bromophenol,  I3.6  g.  (0.34  mole)  sodium  hydroxide 
In  75  ®1.  water  and  150  ml.  acetone  were  refluxed  for  one 
hour.  Acetone  (125  ) was  x^moved  at  atmospheric  pressure 

to  a maximum  vapor  tessera ture  of  73®.  After  water  was  added 
the  oil  layer  which  formed  was  separated  from  the  water  layer 
and  the  latter  layer  was  extracted  with  ether;  the  oil  and 
ether  extracts  were  combined,  washed  with  5j^  aQueoua  sodium 
hydroxide,  then  water,  azid  dried  over  anhydrous  potassium 
carbonate.  On  fractionation  of  the  ortide  product  (62.2  g., 
97.4^)#  allyl  m-bromophenyl  ether  (50.5  g.,  79.1J^)  was  ob- 
tained as  a clear,  water-white  oil,  b.p.  95.0-96,0®  at  4*5 

nm.f  nj*  I.55716,  dj*  1,38234;  MRjj  49,636,  calcd,  49.102; 
eMq  0.534}  ESjj  0.251. 

11.  Allyl  3.4-xylyl  ether  (3»4-Me«C«H»0C^CB*CHB) 

Allyl  bromide  (113.5  g..  0.94  mole),  91.6  g.  (0.75 
mole)  3.4-xylenol,  33.6  g.  (0.84  mole)  sodium  hydroxide  In 
190  ml,  water  and  375  ml,  acetone  were  refluxed  for  one 


35 

hour*  Aeotono  (325  ®1«)  was  I'enovod  at  atsioapherie  pressura 
to  a maxlnuni  vapor  taiqperature  of  69^*  -After  vatar  uas 
added, -the  oil  layer  which  formed  was  separated  from  the 
water  layer,  and  the  latter  layer  was  extracted  with 
ether;  the  oil  and  ether  extracts  were  combined,  washed 
with  aqueous  sodium  hydroxide, -then  water,  and  dried 
over  anhydrous  potasslizm  earboxuite.  On  fractionation  of 
the  crude  product  (114.4  94.2J^),  allyl  3,4-xylyl  ether 

(74*5  61.3^)  was  obtained  as  a clear,  water-white  oil, 

li«P*  79#5-60*5*  at  3.0  mm*  (reported:  75-79®  at  3.0  otq. 

(66)),  nj*  1,51951  (reported:  nj*  1.5200  (66));  dj* 

0.96204  (reported:  dj*"  0.9543  (66));  MRjj  51.225,  calcd. 

50.573;  SMjj  0.652;  EZ'j^  0,402. 

12.  Allyl  2,4-dlchlorophenyl  ether  (2,4-Cl,CaH,OCHaC0«*CHa) 

Allyl  bromide  (75.8  g.,  0,625  mole),  8I.5  g, 

(0,5  mole)  2,4-dlchlorophenol,  22.5  8^  (0.56  mole)  sodium 
hydroxide  In  125  ®1.  water  and  250  ml.  acetone  were  re- 
fluxed for  one  hour.  ' Acetone  (225  ml. ) was  removed  at 
atmospheric  pressure  to  a maximum  vapor  tenq>eratuze  of  76®, 
After  water  was  added,  the  oil  layer  vdiloh  fonaed  was 
separated  from  the  water  layer,  and  the  latter  layer  was 
extracted  with  ether; -the  oil* and  ether  extracts  were  com- 
bined, washed  with  5^  aqueous  sodium  hydroxide,  then  water. 
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and  dried  over  anhydrous  potassium  carbonate*  On  fractiona- 


tion of  the  crude  product  (101,6  g,,  lOOjf),  allyl  2,l4.-dl- 
chlorophenyl  ether  (71*2  g,,  70,1J^)  was  obtained  as  a clear, 
water-white  oil  (yellowed  on  standing),  b,p.  106,5-107.5* 
at  4,8  mm,  (reported*  l4i|.-l45*  at  25  mm,  (9l|.))}  n” 

1*55196,  d4  1,25502;  MRjj  51*699,  oalod,  51*071;  EMj) 

0,628;  ES-q  0.310, 

13*  Allyl  £-tert-butylphenyl  ether  (p-tert-BuC,H^OCH«CBgCH» ) 

Allyl  bromide  (75*1  g*,  0.62  mole),  75*1  g*  (O.50 
mole)  p- tert-butylphenol . 90. Og,  (0,65  mole)  anhydrous 
potassium  carbonate  In  225  ®1*  acetone  %rere  refluxed  for 
fifteen  hours.  After  water  was  added,  the  oil  layer  which 
formed  was  separated  from  the  water  layer,  and  the  latter 
layer  was  extracted  with  ether;  the  oil  and  ether  extracts 
were  combined,  washed  with  aqueous  sodium  hydroxide, 
then  water,  and  dried  over  anhydrous  potassium  carbonate. 

On  fractionation  of  the  cxnide  product  (87,6  g,,  92,1J^), 
allyl  £-tort-butylphonyl  ether  (60,2  g.,  63.2??)  was  ob- 
tained as  a clear,  water-white  oil,  m.p,  16.8*,  b.p.  109.0- 
109.5®  *t  6,5  mm,  (reported*  115-116°  at  3.0  bbo.  (97), 
138-139*  at  10,0  mm.  (16));  nj*  I.5066O  (reported*  n” 

1*5065  (97)),  d“*  0.93460;  60.548,  calod.  59.809; 

EMjj  0,739;  ES*!)  0.388. 


i 
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Hu  l»(AUyloxy)-4-methox7b®nzen«  {2-M»0CeH40C^CB«C^B ) 

Allyl  bromide  (99.9  g.,  0.825  mole),  93*0  g.  (0.75 
mole)  £-methoz7phenol,  lOluO  g.  (0.75  mole)  anhyiroue 
potae'sixim  carbonate  In  150  ml.  acetone  vrex^  refltixed  el^t 
hours.  After  water  was  added,  the  oil  layer  idxioh  formed 
was  separated  fz^sn  the  water  layer,  axid  the  latter  layer 
was  extracted  with  ether;  the  oil  and  ether  extracts  were 
combined,  washed  with  aqueous  sodium  hydroxide,  then 
water,  and  dried  over  anhydrous  potassium  carbonate.  On 
fractionation  of  the  crude  product  (116.1|.  g,,  9lu5j^)# 
l-(allyloxy)-l|.-mothoxyben*one  (87.6  g.,  71»35^)  was  obtained 
as  a clear,  water-white  oil,  b.p.  113.0-113,5®  at  9,5  mm. 
(reported:  119-120®  at  I3  nan.  (73));  nj*  1.52509;  d** 

l,0l|258;  MRj,  48,273.  calcd.  47.598;  EMd  0.675; 

0,411. 

15.  l-(Allyloxy)-3-methoxybenseno  (m-Mb0CeH40CHaC&*CHa ) 

Allyl  bromide  (59,0  g,,  0.48  mole),  55,0  g,  (0,44 
mole)  ^methoxyphenol,  61,5  g.  (0,44  mole)  anhydrous 
potassium  carbonate  in  90  ml,  acetone  were  refluxed  eight 
hours.  After  water  was  added,  the  oil  layer  idilch  formed 
was  separated  from  the  water  layer,  and  the  latter  layer 
was  extracted  with  ether;  the  oil  and  ether  extracts  were 
ccnoblned,  washed  with  5/^  aqueous  sodium  hydz*oxlde  (first 


wash  was  Intanaaly  graen  In  color) « than  water,  and  dried 
oyer  anhydrous  potassium  oarbonata*  On  fractionation  of 
the  crude  product  (66,2  g.,  91.05^),  l-(allyloxy)«3-mathoxy- 
banzena  (4o*l{.  g*,  55«^^)  vas  obtained  as  a clear,  very 
faintly  yellow  oil,  b.p,  122-123®  «t  Hi-  mm,  (reportedi 
125-126**  at  15  nm«  (73))*  Rafractionation  still  gave  a 
faintly  yellow  product,  b.p,  96,0®  at  4*3  «“•»  »d  l*526l8; 
dj*  1.04110;  MRd  kQ*k27,  calcd.  47.598;  EMp  0.829;  EXj, 

0.505. 

16.  £-(AUyloxy)benzaldehyde  (£-CHa*CEK!Hg0CeH4CH0) 

Gainfully  fractionated  £-(allyloxy)benzaldehyde, 
a clear,  watez^white  oil  (yellowed  on  standing),  exhibited 
the  following  constants:  b.p.  120-121®  at  5«0  mm.  (re- 
ported: 142®  at  10  ram,  (21));  nj*  1.56646;  dj*  1,08049; 

HRj)  48.996,  calcd,  45.966;  3.030*  ESj)  1.868. 

17,  4'  * (Allyloxy ) acetophenone  (£-CB9»CHCH«0CeH4C0CHa ) 

Allyl  bromide  (67.8  g,,  0.56  mole),  61.2  g.  (0,45 
mole)  £-hydroxyacetophenone,  8I.5  g.  (0.59  mole)  anhydrous 
potassium  carbonate  In  205  ml.  acetone  were  x^fluxed  nine 
hours.  Acetone  (135  nl. ) was  removed  at  atmospheric 
pressure  to  a maximum  vapor  tes^erature  of  65®.  After 
water  was  added,  the  oil  layer  i^ch  formed  was  separated 
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from  the  water  layer^  and  the  latter  layer  was  extracted 
with  ether;  the  oil  and  ether  eztraete  were  craablned, 
washed  with  aqueous  sodium  hyxiroxlde*  then  water , and 
dried  over  anhydrous  potassium  carbonate.  On  fractionation 
of  the  crude  product  (75«2  g.,  9k*  9%) , l|.*-(allyloxy)aceto- 
phenono  (39*5  g«#  14^9* 9J^)  was  obtained  as  a clear,  water- 
vrtilte,  viscous  oil,  nup.  17*4®  (reported*  20®  ($2)), 
b,p.  1^-152®  at  11.0  nm.  (reported:  I37®  at  7 mm,  (52), 

I38-II42®  at  10  mm.  (92),  Ik6^1k7^  at  10  rm.  (1)),  nj* 

1.55267;  dj*  1.06768;  MRjj  52.808,  calcd.  50.581|;  EMd 

2.224;  ESjj  1.262. 

18,  AUyl  £-nltrophenyl  ether  (£-08NCaH40CH,CB«CHa ) 

Allyl  bromide  (99.9  g,,  0.825  mole),  104.3  8. 

(0.75  mole)  £-nltrophenol,  104,0  g.  (0.75  mole)  anhydrous 
potassium  carbonate  In  150  ml.  acetone  were  refluxed  for 
eleven  hours.  After  water  was  added  and  the  lalxture 
extracted  with  ether,  the  ether  extracts  wore  combined, 
washed  with  5^  aqueous  sodlina  hyii^xide,  then  water,  and 
dried  over  anhydrous  potassium  carbonate.  On  fractionation 
of  the  crude  product  (122.6  g,,  91.3J^),  allyl  £-nltrophonyl 
ot^r  (87.1  g.,  64.8^)  was  obtained  as  a yellow  oil  (darkened 
rapidly  on  string),  ra.p.  20.8®  (reported:  18.5®  (21), 

36®  (105));  b.p.  134«5*“135»5**  fit  4*0  mm,  (repoz*ted:  decom- 
position at  140®  (105),  160®  at  12  mm.  (21));  nj*  1.57634; 


1|0 


dY  1.19012}  MR j3  1^9.847,  calcd.  Ii6.9^0  (118);  EM^  2.897} 
EZjj  1.617. 


E.  Corralation  of  Exaltatlong  with 
BManait»a  sigaa  Vajuas  in  Ailyi 

ifeji’faiars 

Physioal  constants  and  derlyed  data  for  tho  allyl 
az*oioatlo  ethers  described  above  are  shown  in  Table  12. 
along  with  Hanmett*s  sigma  values  for  the  ring  substituents. 
Although  the  differences  between  E2j)  for  allyl  phenyl  ether 
and  the  substituted  allyl  phenyl  ethers  are  ell^t  for 
sigma  values  from  «0.268  throtigh  O.391.  a definite  decrease 
in  ESj)  is  to  be  noted.  Since  phenyl  propyl  ether  exhibits 
an  exaltation  somewhat  larger  than  that  for  allyl  phenyl 
ether,  the  contribution  of  the  allyl  double  bond  to  the 
exaltation  may  be  negligible.  To  clarify  this  point,  the 
next  section  deals  with  the  exaltations  of  anisole.  phenetole. 
and  cyelohexyl  propyl  ether,  and  the  effect  of  ring  sub- 
stituents. especially  the  £-fonnyl,  £-acetyl.  and  the  £- 
nitro  groups  on  the  exaltation  of  anisole. 

Figure  6 is  a plot  of  the  molecu^r  and  specific 
exaltations  of  the  allyl  ^omatic  ethers  versus  Eaiisaett*s 
sigma  values  for  the  ring  substituents. 
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Pig,  6, --Variation  of  exaltations  of  allyl  phenyl  ethers  with 
Hammett's  sigma  values  for  the  substituents;  Q » molecular  exaltation; 
3,  specific  exaltation. 


F,  Exaltationa  of  Alkyl  Phenyl  Eth<r». 

Phanyl  Vinyl  Ethera,  Allyl  Phenyl 
Sulfide,  and  Phenyl  Propyl  Sulfide 

The  specific  exaltations  of  anlsole,  phenetole« 
phen:^  propyl  ether,  cyclohexyl  propyl  ether,  phenyl  propyl 
sulfide,  and  allyl  phenyl  sulfide  are  0«351|.  (27,  84),  0«1|.72 
(27),  0,414  (27),  0.003  (125)»  0.603  (50),  and  0.506  (25, 

46,  109),  respectively;  saturation  of  the  ring  In  phenyl 
pz*opyl  ether  removed  the  exaltation,  while  the  other  values 
may  well  be  within  the  limits  of  experimental  error. 

The  specific  exaltations  for  sevez*al  anlsoles  and 
phenyl  vinyl  ethers,  together  with  the  specific  exaltations 
for  several  previously  described  allyl  phenyl  ethers,  are 
shown  In  Table  13.  Kie  methyl  substituents  give  rather 
similar  Increments  In  all  three  cases,  while  the  exalta- 
tions for  2-(allyloxy)ben8aldehyde  and  allyl  £-nltrophenyl 
ether  are  well  above  those  found  for  ^-methoxybexusaldehyde 
and  £-nitroanlsole.  Data  for  4' r(vlnyloxy) acetophenone, 
£-(vinyloxy)benzaldehyde,  and  £-nltrophenyl  vinyl  ether 
wex^  not  available;  one  would  expect  their  exaltations 
to  be  considerably  enhanced  over  those  for  the  corresponding 
allyl  phenyl  ethers. 


TABLE  13 


k$ 


SPECIFIC  EXALTATIONS  FOR  AHISOLBS 
AND  PHENYL  VINYL  ETHERS 


SubatlttJent  C«H,OM®  CeH,OCH»CHa  C.H50CHaC»«<JHa 


£-M8  0*752^^®®^  0.374 

m-Ms  0.452^^^  0.764^^®°^  0.398 

Nona  0.354^^^*®^^  0*670^^®*^®®^  0.308 

£-COMa  1.275^^*^^^  — 1.262 

£-CH0  1.20^^»2®^  1,868 

£-NOa  1.27^^*^^^ 


1.617 


CKAPTSR  VI 


POLIMESIZATION  STT3DIES 

Butler  arui  Ingley  (15)  fouzid  that  little  work  had 
been  carried  out  on  the  polymerization  of  allyl  phenyl 
ethers,  and  reported  the  boron  trlf luoride-catalyzed . 
polymerization  of  several  allyl  phenyl  ethers;  they 
further  noted  that  peroxlde-lnduoed  polymerizations  were 
imsucceasful*  The  apparent  failure  of  peroxides  to  in- 
duce the  polymerization  of  allyl  phenyl  ethers  may  be 
due  to  "degradatlve  chain  transfer"  (8),  resulting  from 
an  extremely  reactive,  non-resonemce-stablllzed  radical* 
Since  such  radicals  may  yield  chain  transfer  addition 
products  (17»  6I4.),  one  exploratory  experiment  was  carried 
out  involving  the  peroxide-catalyzed  addition  of  bromo- 
trlchloromethane  to  allyl  phenyl  ether* 

Although  It  was  shown  In  Chapter  II  that  there  was 
little.  If  any,  correlation  of  the  exaltation  of  refrac- 
tion with  the  rate  of  polymerization  In  homopolymerizations, 
the  effect  of  free  radical,  cationic,  and  anionic  catalysts 
on  several  allyl  phenyl  ethers  was  determined  to  serve  as 
controls  for  subsequent  copolymerlzatlon  studies* 


A»  Materiala 


The  yaplous  allyl  phenyl  ethera  were  described  in 
preTlous  chapters;  sodanlde,  xnethanol,  and  acetone  were 
frcuB  stock;  allyl  acetate  was  furnished  by  Dr.  G.  B.  Butler, 
Department  of  Chemistry,  Dnlyerslty  of  Florida;  the  other 
chemicals  were  pxtrchasedt  acrylonitrile  and  acrylamide 
(Matheson  Coleman  and  Bell),  bensoyl  peroxide  (Lucidol 
Division,  Wallace  and  Tieman,  Incorporated),  bromotrl- 
ohloromethane  (Dow  Chemical  CosQ>any),  vinyl  acetate 
(Eastman  Kodak  Cosipany),  ananonlum  persulfate  (Merck 
Ccmpsinj),  boron  trifluorlde-etherate  (Baker  and  Adamson), 
and  sodium  methylate  (Columbia  Organic  Chemicals  Caapenj, 
Inc.). 


B.  Pol??merlzatlon  Procedure 

Weighed  amounts  of  reactants  In  20-ail.  ampoules 
were  thoroughly  swept  with  nitrogen,  and  the  ampoules  were 
cooled  In  Dry  Ice-acetone  before  sealing  off.  Polymeri- 
zations were  carried  out  In  an  oven  held  at  70®. 

C.  Homopolymerlzatlon  of  Allvl 
Phenyl  Ethers 

The  boron  trifluorlde-eatalyzed  (1*^  by  wel^t) 
polymerization  of  allyl  phenyl  ether  at  70®  proceeded 
rapidly  and  gave  an  apparently  low  xnolecular  weight 
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product;  the  low  molecular  vel^t  is  to  be  expected  since 
boron  trlfluorlde-catalysed  polymerisations  usually  give 
polyners  which  decrease  in  molectilcu?  weight  as  the  polymeri- 
zation teo^erature  is  raised  (111).  Infx^red  spectra  and 
refractive  indexes  showed  allyl  phenyl  ether  to  be  un- 
changed after  treatment  for  111  hours  at  70®  with  1%  by 
weight  of  benzoyl  peroxide,  sodium  methylate,  and  sodamlde, 
(Allylbenzene  is  x*eadily  isomerlzed  to  Jbrans-propenylben- 
zene  (79)). 

Although  data  in  Chapter  V ln5>llod  a negligible 
contribution  of  the  allyl  double  bond  to  the  exaltation 
in  allyl  phenyl  ethers,  the  large  exaltation  of  £-(allyloxy)- 
benzaldehyde  suggested  a possible  polymerization  by  basic 
catalysts,  and  a slower  polymerization  by  acid  catalysts, 
due  to  the  polarization  in  the  aldehyde  group.  After  1^3 
hours  at  70®  with  1$  by  weight  of  catalyst  on  the  £- 
(allyloxy)-benzaldehyde,  benzoyl  peroxide  produced  no 
change,  sodlm  methylate  gave  indications  of  an  extremely 
slow  polymerization,  while  boi»on  trifluoride  gave  a purple- 
red,  mobile  liquid  rather  than  the  low  molecular  weight 
polymer  obtained  in  the  case  of  allyl  phienyl  ether. 

On  the  other  end  of  the  Hammett  sigma  scale,  allyl 
p-tert-butylphenyl  ether  showed  no  change  after  153  hours 
at  70®  with  1^  by  freight  of  benzoyl  peroxide. 


D,  Addition  of  Broaotrlohlorcmethana 
to  All'A  Phenyl  Ether 

CeHaOCHaCHBrCHsCCle 

To  explore  the  poselblllty  of  obtalnJjig  chain 
transfer  addition  products  with  allyl  phenyL  ethers « 

99*6  g,  (0,50  mole)  bromotrichloromethane  (b,p,  103®  at 
755  ran.),  13«4  8*  (0.10  mole)  allyl  phenyl  ether,  and 
g*  (0.02  mole)  benzoyl  peroxide  were  heated  slowly 
to  65®,  at  which  temper ture  a ▼igorous  reaction  set  in, 
and  the  tempera t\are  rose  rapidly  to  110*^;  after  an  addi- 
tional one  hour  at  100**  and  three  hours  at  70®,  the  re- 
action mlxtxire  was  topped  of  bromotrichloromethane} 
fractionation  of  the  crude  product  gave  a light  brown 
oil  (25*5  g*J  76*5j^»  calculated  as  2-bromo-li.,4*i4.-tri- 
chlorobutyl  phenyl  ether);  refractlonatlon  gave  a clear, 
ll^t  yellow  oil,  b.p.  117-119®  at  1.7  ran.,  n”  1.5627* 
d“*  1.526;  MRj)  70. 7U,  calcd.  68.79. 

The  apparent  success  of  this  reaction  suggests 
similar  preparations  involving  the  peroxide-catalyzed 
addition  of  chloroform,  bromoform,  carbon  tetrachloride, 
and  carbon  tetrabromlde  to  allyl  phenyl  ethers  to  yield 
substituted  phenyl  U*4*4-trlchlorobutyl  ethers,  phenyl 
2,U*l+-trlbromobutyl  ethers,  phenyl  2,l4.,l|.,ij.-tetrachloro- 
butyl  ethers,  and  phenyl  2,lj.,l4.,l|.-tetrabromobutyl  ethers. 
Searle  (96)  prepared  phenyl  5*5*5-trlchloroamyl  ether 
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(C,He0CHaCB«CH8CH*CCl,)  via  phenol  and  1,1,1,5-tetra- 
ehloropentano.  Ho  reforoncas  were  found  covering  the 
peroxlde-catal7*ed  addition  of  pol^halogenated  coB?>ounda 
to  allyl  phenyl  ether,  although  Kharesch  (5*1-57)  has  re- 
ported on  the  peroxide-catalyzed  addition  of  polyhalo- 
genated  cooqpoiinds  to  olefins* 

This  one  successful  preparation  further  suggests 
the  possible  peroxide-catalyzed  addition  of  chloroform, 
bromoform,  bromotrichloroxaethane,  carbon  tetrachloride, 
and  carbon  tetrabromlde  to  substituted  phenyl  vinyl  ethers* 
The  preparation  of  phenyl  1,1,2-tribromoethyl  ether 
(C^HsOCBrsC^Br)  has  been  reported  (76),  but  the  syn- 
thesis did  not  involve  a peroxide-catalyzed  addition* 

The  rather  obvious  resemblance  of  the  ooBq>o\inds  possessing 
terminal  trlehloz*ciaethyl  gz^oups  to  chloral  hydrate  (2,2,2- 
trlchloTO-l,l-ethanediol)  and  chlorobutanol  ("Chloretone" 
l,l,l-trichloro-2-methyl-2-propanbl)  suggests  possible 
phamaceutlcal  interest* 

Additional  reactions  could  involve  the  pez>oxide- 
catalyzed  addition  of  a number  of  atoms  and  free  radicals, 
and  could  include  the  addition  of  ethyl  bromoacetate  (57) 
to  allyl  phenyl  ethers  and  phenyl  vinyl  ethers  to  yield 
substituted  'S  -brcmio  esters. 

Now  that  a nmber  of  allyl  phenyl  ethers  are 
available,  their  epoxidation  with  perbezisoic  acid  (127) 
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or  their  hydroxylatlon  with  potasalian  permanganate  (65)  or 
peroxytrlfluoroacetlc  acid  (30)  xalght  yield  epoxypropanea 
or  propanedlola  ot  potential  Interest* 

It  ftwliwrlzatlon.  of  AllyV.l>Blll!l 

Ethers 

1*  AUyl  phenyl  ether  and  acrylonitrile 

Acrylonitrile  was  dried  over  anhydrous  potassium 
carbonate  and  was  then  fractionated}  b*p*  77*0**  at  753 
(reportodi  77.2-77.4®  at  760  mnu  (104)),  nj*  I.3886 
(reportedi  I.3886  (104)i  I.3889  (5D)j  0.80033* 

Reaction  of  acrylonitrile  and  allyl  phenyl  ether 
at  70^  for  a maximum  of  eighteen  hours  In  molar  ratios  of 
acrylonitrile  to  allyl  phenyl  ether  from  0*1  to  1*0,  and 
benzoyl  peroxide  from  0*1  to  1*0^  by  weight  on  the  reac- 
tants gave  only  polyacrylonitrile* 

2*  Allyl  phenyl  ether  and  acrylamide 

Reaction  of  acrylamide  (0*025  mole)  and  allyl 
phenyl  ether  (0*025  mole)  for  a maximum  of  seventeen  hours 
In  methanol  with  1*0^  by  weight  of  either  benzoyl  peroxide 
or  ammonium  persulfate  gave  only  polyacrylamide*  This  re- 
sult was  expected,  since  acrylamide  was  reported  (45)  to 
polymerize  at  a faster  rate  than  acrylonitrile* 
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3*  AUtI  phenyl  ether  and  vinyl  acetate 

Vinyl  acetate  was  fractionated]  b*p«  72*6^  at  7^0 
ssu  (reported:  72*l|.®  (85))*  nj**"  1*3910  (reported:  nj* 

1.393i^  (85)). 

Vinyl  acetate  polymerized  quite  rapidly  in  bulk 
and  somewhat  less  rapidly  in  benzene  (107)  at  70^  with 
0*5^  1>7  weight  benzoyl  peroxide.  However,  equimolar 
amoimts  of  vinyl  acetate  and  allyl  phenyl  ether  in  bulk, 
benzene  solution,  and  acetone  solution,  with  0*5^  hy  weight 
of  either  ammonltm  pera\Ui"ate  or  benzoyl  peroxide  on  the 
reactants  rasulted  in  no  change  in  the  reactants,  and 
cOTqplato  inhibition  of  the  polymerization  of  the  vinyl 
acetate*  Bulk  copolymerizationa  of  equimolar  amounts  of 
allyl  phenyl  ether  and  vinyl  acetate  with  i:q}  to  3*0^  by 
weight  of  benzoyl  peroxide  on  the  reactants  resulted  in 
the  recovery  of  the  monomers. 

k*  Allyl  phenyl  ether  and  allyl  acetate 

Allyl  acetate  was  washed  twice  with  cold,  saturated 
aqueous  soditmi  acid  carbonate,  twice  with  cold,  saturated 
aqueous  calcium  chloride,  dried  over  anhydrous  potassium 
carbonate,  and  fractionated}  b.p.  102,5-103.5®  at  762  mm. 
(reported:  102.3-103.2®  (80)),  nj*'®  1,4002  (reported: 

no®  1,4046  (80),  n”  1,4009  (82)), 
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Allyl  acetate  polymerized  rather  slowly  at  70** 
with  6*0^  by  weight  of  benzoyl  peroxide.  Allyl  phenyl 
ether  showed  no  change  at  70*  with  6*0^  by  weight  of 
benzoyl  peroxide*  Copolynerization  of  allyl  phenyl  ether 
(0*025  Biolo)  and  allyl  acetate  (0*025  mole)  at  70*  for 
167  hours  with  6*0^  by  weight  of  benzoyl  peroxide  on  the 
reactants  showed  no  polymerization  of  the  allyl  phenyl 
ether  and  negligible  polymerization  of  the  allyl  acetate* 

..  > 

5*  Allyl  £-t^t-butylphenyl  ether  and  p-(allyloxy)benzalde- 
hyde 

Allyl  phenyl  ethers  containing  ring  subetltuents 
at  opposite  ends  of  the  Hammett  sigma  scale  offered  the 
most  hope  for  free  radleal-oatalyzed  copolymer izat ion 
(91)*  However,  allyl  £-tert-butyl  phenyl  ether  (0*017 
mole),  £-(allyloxy)benzaldehyde  (0*01?  mole),  and  benzoyl 
peroxide  (0*00025  mole)  showed  no  change  after  153  hours 
at  70*. 


CHAPTER  VII 


SUMMARY 

ReoogulKlxig  that  xmolear  and  aide-chain  aubatit- 
uenta  either  inoreaae,  retard,  or  Inhibit  polTinerizationa, 
it  waa  decided  to  Inveatigate  a poaaible  correlation  be- 
tween the  exaltation  of  refraction  of  aeTeral  allyl  phenyl 
ethera  and  their  ratea  of  polyoerizatlon* 

Preliminary  to  the  actual  work  on  the  allyl  phenyl 
ethers,  evaluation  of  the  literature  on  a number  of  sub- 
atituted  atyrenea  showed  that  it  waa  not  poaaible  to  cor- 
relate exaltatlona  with  reactivity  ratea  in  homopolyneri- 
zatlona.  However,  in  both  free  radical  and  ionic  co- 
polynerizationa  Involving  almllar  monomers,  plots  of  the 
logarithms  of  the  relative  inactivities  of  several  sub- 
stituted styrenes  toward  the  styrene  and  methyl  methacrylate 
radicals  versus  the  differences  existing  between  the  exal- 
tations of  substituted  styrenes  and  the  exaltation  of 
styrene  were  strikingly  similar  to  those  in  which  Hammett's 
sigma  values  for  the  styrene  substituents  were  plotted 
against  the  relative  reactivities  of  the  substituted 
styrenes.  In  the  free  radical  copolymerization  of 
o(  -methylstyrenes  with  maleic  anhydride,  the  relative 
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reactivities  of  the  ©(-methTlstTrenes  toward  the  maleic 
azibydride  radical  showed  little  relation  to  the  differences 
existing  in  the  exaltations  of  the  o( -methyls tyrenes  and 
0(  -methylstyrene;  similarly,  these  relative  reactivities 
showed  little  relation  to  the  Hammett  sigma  values  for  the 
-methylstyrene  substituents. 

With  the  exception  of  allyl  phenyl  ether  and  allyl 
o-chlorophenyl  ether,  density  and  refractive  index  data  wore 
not  available  for  the  calculation  of  the  exaltations  of  re- 
fraction for  the  seventeen  allyl  phenyl  ethers  described  in 
this  work.  The  required  ethers  were  prepared  by  the  re- 
action of  allyl  bromide  with  a substituted  phenol  in 
acetone  in  the  presence  of  either  anh3fdroiis  potassium 
carbonate  or  aqueous  sodium  hydroxide;  physical  measure- 
ments were  made  on  the  freshly  distilled  ethers. 

The  exaltations  for  the  allyl  phenyl  ethers  were 
almost  identical  for  Hammett  sigma  values  from  -0,268 
(£-methoxy)  through  0.391  (m-bromo),  with  a slight,  but 
probably  significant,  deoz>ease  in  exaltation  in  this 
sigma  zmnge.  Since  phenyl  propel  ether  exhibited  an 
exaltation  somewhat  larger  than  that  for  allyl  phenyl 
ether,  the  contribution  of  the  allyl  double  bond  to  the 
exaltation  was  negligible;  saturation  of  the  ring  in 
phenyl  propyl  ether  removed  the  exaltation.  The  exalta- 
tion of  allyl  phenyl  ether  was  considerably  enhanced  by 
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the  introduction  of  2«fox«i7l,  £*aoet7l,  and  £-nitro  groYqpaj 
a parallel  but  s<»nevhat  leas  pronounced  enhancement  was 
found  In  similar ly-substituted  anisoles* 

Peroxides  failed  to  induce  polymerization  of  the 
all^il  phenyl  ethers,  possibly  due  to  the  formation  of 
extremely  reactive,  non-resonance-atabilized  radicals. 

Since  such  radicals  may  yield  chain  transfer  addition 
products,  one  exploratory  experiment  was  carried  cut  in 
which  bromotrichlcromethane  added  vigorously  to  allyl 
phenyl  ether  in  the  presence  of  benzoyl  peroxide.  The 
success  of  this  reaction  suggests  the  addition  of  atoms, 
radicals,  and  other  pol^halogenated  coBQ>ounds  to  allyl 
phenyl  ethers  and  phenyl  vinyl  ethers.  The  attempted 
peroxide-catalyzed  oopolymerization  of  allyl  phenyl 
ether  with  acrylamide  and  acrylonitrile  gave  only 
polyacrylamide  and  polyacrylonitrile,  respectively, 

Allyl  phenyl  ether  completely  inhibited  the  peroxide- 
catalyzed  polymerization  of  vinyl  acetate. 
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